This work presents an overview of a combined experimental and theoretical analysis onthe manipulation of temporal localized structures (LSs) found in passively Vertical-Cavity Surface-Emitting Lasers coupled to resonant saturable absorber mirrors. We show that the pumping current is a convenient parameter for manipulating the temporal Localized Structures, also called localized pulses. While short electrical pulses can be used for writing and erasing individual LSs, we demonstrate that a current modulation introduces a temporally evolving parameter landscape allowing to control the position and the dynamics of LSs. We show that the localized pulses drifting speed in this landscape depends almost exclusively on the local parameter value instead of depending on the landscape gradient, as shown in quasi-instantaneous media. This experimental observation is theoretically explained by the causal response time of the semiconductor carriers that occurs on an finite timescale and breaks the parity invariance along the cavity, thus leading to a new paradigm for temporal tweezing of localized pulses. Different modulation waveforms are applied for describing exhaustively this paradigm. Starting from a generic model of passive mode-locking based upon delay differential equations, we deduce the effective equations of motion for these LSs in a time-dependent current landscape
INTRODUCTION
Localized structures (LSs) in optical resonators have attracted much interest in the last twenty years. While LSs are ubiquitous in nature and their investigation conveys an intrinsic fundamental appeal, optical LSs are very attractive also for applications. Because they can be individually addressed and manipulated, LSs can be used as elementary bits of information for all-optical information processing. Recently, we have shown 1 how phase invariant temporal Localized Structures (LSs) can evolve from passive mode-locking (PML).
The PML regime leads to the emission of temporal pulses much shorter than the cavity round-trip and it is achieved by combining two elements, a laser amplifier providing gain and a nonlinear loss element, usually a saturable absorber (SA). The different dynamical properties of the SA and of the gain create a window for regeneration only around the pulse. For cavities with a large aspect ratio, as defined by the ratio of the gain recovery time and of the cavity length r = τ /τ g , the PML pulses may become individually addressable and coexist with the off solution.
1 In the recent years, temporal LSs have been addressed all-optically by perturbation of the phase/amplitude of an injected field.
2 On the other hand, in electrically-biased semiconductor lasers, the current can be easily modulated at several GHz making it a convenient parameter for addressing and manipulating LSs in view of possible applications.
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THEORY
The existence and dynamics properties of temporal localized structures in passive mode-locked VCSELs have been theoretically described 1, 3, 4 using the following delay differential equation (DDE) model:
with
the gain recovery rate, Q 0 the value of the unsaturated losses which determines the modulation depth of the SA and s the ratio of the saturation energy of the gain and of the SA sections. We define κ as the amplitude transmission of the output mirror. In Eqs. (1-3) time has been normalized to the SA recovery time. The frequency filter (that mimics the gain curve) has a bandwidth of γ and the cold cavity round-trip is given by the inverse of the time delay τ . The alpha factor of the gain and of the absorber sections are α and β, respectively. The main usefulness of Eqs. (1-3) is to provide an uniformly accurate description of the whole set of system solutions (including single-and multilongitudinal modes ones), among which the pulsating mode-locked solutions are only a subset. Accordingly, this model allows to unfold the bifurcation diagram using DDEBIFTOOL, 6 thus depicting how the various solution branches are linked one with the others and how temporal LSs appear. A typical LS profile as well as its bifurcation diagram are depicted in Fig. 1 . A typical asymmetrical profile can be observed in Fig. 1(a) while the bifurcation diagrams for υ, P and ω are depicted in Fig. 1(b-d) . Importantly, the drift velocity (or equivalently the deviation of the period with respect to the period T 0 ) is a decreasing function of the bias current, as found experimentally. As we will show later, this implies that the interaction between distant LSs is purely repulsive. One notices in Fig. 1c ) that the solution branch for the energy of the pulse as defined as P = The fact that the solution branch exhibits a predominant drift in a particular direction can be ascribed to the lack of spatial reversibility z → −z in our system. It is worthwhile noting that an adiabatic elimination of the carrier over the fast temporal variable, and, similarly for the absorption, would cancel such a drifting solution. While the latter adiabatic elimination of Q could represent some realistic experimental conditions, the former elimination of G is incorrect in a semiconductor medium since the recovery time of the gain τ g is much longer than the pulsewidth τ p ∼ γ −1 . We demonstrate in Fig. 1a a writing operation using a current pulse applied between round-trip n 1 = 2136 and round-trip n 2 = 2526. In practice, this operation corresponds to transfering the state of operation of the laser from one mode-locked regime, here the fundamental regime with N = 1 pulse per round-trip, to another one with N = 2, in a controlled fashion. We choose an initial condition where a single LS is present inside the cavity. The perturbation pulse excites a second LS which remains after the perturbation is removed. Figure 1a) is an example of a writing operation starting from a particular initial condition. Other initial conditions can be chosen with similar results, provided that the addressing pulse is separated in time from the preexisting LS of at least 1 ns. On the other hand, we notice that, after the electrical pulse is removed, the written LS drifts to the right, thus disclosing the existence of a repulsive force exerted by the first LS on the written one. This repulsive interaction is asymmetric since the leftmost LS pushes the rightmost LS but not vice-versa. An example of an erasing operation is shown in Fig. 1b) , where the initial condition is composed of N = 5 preexisting LSs. A negative pulse of 2.9 ns is sent into the laser current between the round-trips n 1 = 4710 and n 2 = 5100, successfully erasing the third LS from the left.
EXPERIMENT
We also show that in a modulated current landscape, the resulting drifting speed of the localized pulses is not simply proportional to the gradient of the landscape, as it occurs in quasi-instantaneous media, 2 but it rather depends on the local value of the parameter itself. 7, 8 This difference, which is ascribed to the lack of parity invariance, leads to a new paradigm for LS manipulation which will be described in details in this work using different modulation waveforms. Finally, starting from a generic model of PML based upon delay differential equations, we deduce the effective equations of motion for these LSs and find an excellent agreement with our experimental results.
